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The scarcity of small donors has significantly limited lung transplantation for 
pediatric and small adult patients. Use of single lobes procured from size- 
unmatched donors has overcome this difficulty, but only in a few selected cases 
and, in addition, it represents a waste of lung tissue. In an animal model we 
have shown that it is possible to divide one lung with careful partitioning of the 
vascular and bronchial structures and thus obtain two viable lobar grafts 
suitable for bilateral implantation in a smaller animal. We have now applied 
this procedure clinically in seven patients operated on between May 1993 and 
November 1994. The indications were cystic fibrosis in three children, primary 
pulmonary hypertension i two adults, bronchiectasis in one, and idiopathic 
pulmonary fibrosis in one. There were three children aged 13 to 17 years 
(median 14) and four adults aged 40 to 53 years (median 45). There was a 46% 
to 50% discrepancy for weight between recipient and donor and a 12% to 17% 
discrepancy for height. The surgical technique consisted of careful partitioning 
of the left donor lung, bilateral anterior thoracotomy in the recipient, and, with 
the use of cardiopulmonary b pass, implantation of the lower lobe in the left 
hemithorax and the upper lobe in the right hemithorax. Vascular and 
bronchial connections were facilitated by leaving a long pedicle on the recipient 
side. The pulmonary artery anastomosis for the donor left upper lobe was done 
with the "fissure" side of the artery to ensure an anastomosis without ension. 
An end-to-end bronchial anastomosis overcame the problem of size discrep- 
ancy. Six patients are alive and well 10 to 27 months (median 19) after 
operation. One patient with cystic fibrosis died of systemic aspergilloSis 
infection. All were discharged from the hospital within the first or second 
postoperative month. No technical problems were identified: repeated bron- 
choscopy has demonstrated satisfactory healing without early stricture forma- 
tion. All patients remain well subjectively with good exercise tolerance and all 
patients achieve greater than 70% of predicted values of forced expiratory 
volume in 1 second. Perfect adaptation of the transplanted lobes to the 
recipient pleural space has been demonstrated by postoperative computed 
tomographic scan. In conclusion, bilateral obar transplantation from a single 
donor lung is possible in small adults or children when there is a large size 
discrepancy with the donor. This may help resolve the problem of donor 
availability in the pediatric population. (J Thorac Cardiovac Surg 1997;i13: 
529-37) 
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p ulmonary transplantation for the pediatric pop- 
ulation or for patients of small size is particularly 
limited by the now well-described scarcity of  organs 
available for transplantation. 1' 2 Limitations of size 
mismatch and shortage of suitable donors make 
these groups of recipients especially difficult to 
accommodate. To circumvent hese obstacles we 
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Table I. Donor~recipient size mismatch 
Height (cm) TLC:LLC (L)* 
Adult recipients 
RI:D1 150:180 4.10:3.26 
R2:D2 158:190 5.57:3.06 
R3:D3 163:180 5.10:3.26 
R4:D4 160:188 5.40:3.46 
Pediatric recipients 
R5:D5 154:174 4.01:3.04 
R6:D6 140:178 3.06:3.26 
R7:D7 135:170 2.76:2.42 
TLC, Total lung capacity; LLC, estimated left lung capacity of donor (as 
45% of predicted TLC of the donor); R, recipient; D, donor. 
*Predicted values (pred!cted TLC has been calculated with the European 
Community for Coal and Steel Formula). 
we have developed a technique of lung transplanta- 
tion inspired by previous experience with liver bi- 
partitioning. 
Bismuth and Houssin 3 have shown that splitting 
the liver into its constituent lobes allows two chil- 
dren to receive transPlants from one liver. Recent 
studies of transplantation Of pulmonary lobes in 
animals have been successful at medium-term fol- 
low'up with respect to hemodynamics and equita- 
tion of Volume and conformity of the lobes in the 
thorax of the recipient. 4-s Satisfactory results of 
pulmonary reduction and lobar transplantation and 
liver bipartition, from either cadaveric 9'~0 or living 
donors, 11-~3 are reported ciinically. We postulated 
that bipartitioning of one large donor lung into its 
constituent lobes would allow bilateral pulmonary 
transplantation i to a recipient with a smaller thorax 
size. 
We first Showed the feasibility of the procedure 
experimentally. 14 With adult dogs used as donors, 
either right or left single lungs were divided into 
Separate lobes, which were subsequently implanted 
unilaterally and bilaterally into young dogs. Fol- 
low-up of up to 21 weekS demonstrated satisfactory 
bronchial and Vascular anastomoses and perfect 
adaptation of the transplanted lobes to the morphol-  
0gy of the recipient thorax. After the success of 
these animal experiments the procedure was applied 
clinically for the first t ime in May 1993. 
Material and methods 
Between May 1993 and November 1994 seven bilateral 
lobar transplantations with a bipartitioned left donor lung 
were done at Broussais Hospital. There were five female 
and two male recipients. There were three children aged 
i3 to 17 years (median 14) and four adults aged 40 to 53 
years (median 45). The cause of the end-stage lung 
disease was cystic fibrosis in the case of the three children; 
two adults had primary pulmonary hypertension with a 
mean pulmonary pressure of 85 mm Hg, one had infected 
bronchiectasis with a forced expiratory volume in 1 second 
(FEV1) of 18%, and one had idiopathic pulmonary fibro- 
sis that confined him to a wheelchair. All patients required 
continuous 0 2 therapy and had grade IV dyspnea. Preop- 
erative lung function tests in patients with cystic fibrosis 
revealed mean FEV 1 values of less than 25% of predicted 
and forced vital capacity values less than 30% of pre- 
dicted. All were judged to have a life expectancy of less 
than 12 months. Clinical application of the split lung 
technique was approved by our institutional review board 
and informed consent was obtained from each patient. 
The criteria of suitability for a donor were similar to 
those of full-sized lung transplantation, except hat bilat- 
eral lobe transplantation was done when there was a large 
discrepancy of height or weight between donor and recip- 
ient. In the present reported cases the weight discrepancy 
was 44% to 50% and the height discrepancy was 12% to 
17% (Table I): The criteria of feasibility of the split lung 
technique with subsequent bilateral obar transplantation 
were based on matching predicted onor left lung capacity 
estimated at 45% of the donor total lung capacity with the 
predicted recipient otal lung capacity. A difference not 
exceeding 20% between donor left lung capacity and 
recipient otal lung capacity is presently considered ac- 
ceptable for transplantation. 
Surgical technique 
Donor operation. A median sternotomy is done and the 
pericardium and pleural cavities opened. The lungs are 
inspected and particular attention is paid to the left 
oblique fissure to ensure that it is well defined. In most 
young adult donors the fissure is well-defined and there- 
fore does not present any difficulty in Separation. The 
trachea, aorta, pulmonary artery, and both venae cavae 
are dissected free. Heparin is administered in a central 
venous line followed by prostacyclin (500 /,g over 10 
minutes) into the pulmonary artery. The heart is then 
excluded from the circulation by crossclamping the aorta 
and the venae cavae. Cardioplegic solution is adminis- 
tered via the ascending aorta and when the heart is 
arrested and the lungs still ventilated pneum0plegic solu- 
tion is infused via the pulmonary artery (Papworth solu- 
tion, 60 ml/kg). The heart is decompressed byincising the 
inferior vena cava and the left atrial appendag e. Topical 
cardiac and lung cooling is applied. The heart is then 
excised with care taken to leave enough atrial tissue 
surrounding the left and right pulmonary veins. After 
aspiration of bronchial secretions, the lungs are inflated, 
the endobronchial tube removed, and the trachea stapled 
and transected. The double lung block is then excised 
leaving th e esophagus and the descending aorta in the 
donor chest. If the decision is made tO transplant one lung 
in two different institutions (twinning procedure), the 
pulmonary block is divided on a secondary table in the 
operating room. The pericardium issplit vertically midway 
between the two atrial cuffs and the pulmonary artery is 
divided at its bifurcation. The dissection is then complete d 
at the level of the carina and the proximal left main 
bronchus is stapled and divided after the lungs are in- 
flated. Each lung and heart is placed in a cold container 
for transportation. 
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Fig. 1. View of the left lung showing the hilum with the 
bronchus posteriorly and the pulmonary artery anterosu- 
periorly. The confluence of the pulmonary veins antero- 
inferiorly is divided into inferior (A) and superior (B) 
veins. 
Recipient operation. Anesthesia is induced in the pa- 
tient and monitoring devices are placed, including a 
standard single-lumen tube, radial artery line, two central 
venous catheters, and a balloon-tipped catheter (Swan- 
Ganz catheter, Baxter Heaithcare Corp.). Surgical expo- 
sure is via bilateral thoracotomy and transverse sternot- 
omy through the fourth or fifth intercostal space (the 
"clamshell" incision). The pulmonary ligaments and any 
pleural adhesions are divided with cautery. The pulmo- 
nary artery is dissected intrapericardially and extraperi- 
cardially on both sides of the hilum and dissected as 
distally as possible into the parenchyma of the lung, 
beyond the upper lobe branch, to provide sufficient length 
for subsequent anastomosis. The inferior and superior 
pulmonary veins are dissected free and a tape passed 
around the superior pulmonary vein on the right. 
Preparation of the donor lung. Bench preparation of the 
donor left lung involves eparation of the upper and lower 
lobes, which may be completed within 15 minutes. Initial 
inspection determines the direction and completeness of
the fissure and the presence of anatomic variants (Fig. 1). 
The oblique fissure is dissected own to the pulmonary 
artery. Small vessels that cross the fissure are clipped and 
divided. Parenchymal bridges aice divided after stapling. 
After dissection of the fissure is completed the pulmonary 
artery is divided between the apical branch of the lower 
lobe and the lingular artery (Fig. 2). The two pulmonary 
veins are exposed on the mediastinal surface of the lung 
Fig. 2. After completion of dissection of the fissure, the 
pulmonary artery is divided between the apical branch of 
the lower lobe and the lingular artery (dotted line). LLL, 
Left lower lobe; LUL, left upper lobe. 
and divided leaving a small cuff of atrial tissue. The two 
veins are separated from each other. The upper and lower 
lobe bronchi are dissected down to the level of the 
segmental branches with minimal dissection to preserve 
retrograde vascularization. Both upper and lower lobe 
bronchi are transected at their origin just before implan- 
tation of the donor lobes (Figs. 3 and 4). 
Excision of the recipient right hmg. Full normothermic 
cardiopulmonary b pass (CPB) with a beating heart is 
established between the ascending aorta and the right 
atrium with use of a two-stage venous cannula and 
ventilation is then stopped. The recipient right lung is then 
excised in a standard fashion, 15 except that a vascular 
pedicle that is as long as possible is left (Fig. 5). The first 
branch of the pulmonary artery is ligated to achieve 
greater length. This is also useful for orientation of the 
anastomosis. The inferior vein is sutured closed in the 
adult, but in pediatric ases the recipient cuff is fashioned 
to incorporate both the inferior and superior veins. 
Implantation of the left upper lobe in the right thorax. The 
donor left upper lobe is then placed in the right thorax, 
having been rotated 180 degrees along the vertical axis for 
approximation of donor and recipient hila (Fig. 4). Thus 
in this situation the posterior border of the donor left 
upper lobe becomes anterior and its anterior border lies 
posteriorly along the spine. This has the effect of placing 
the membranous portion of the donor bronchus opposite 
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Fig. 3. The upper and lower lobe bronchi are dissected 
down to the level of the segmental branches and are 
transected at their origin (dotted lines). LLL, Left lower 
lobe; LUL, left upper lobe. 
the cartilaginous portion of the recipient bronchus and 
vice versa. The donor pulmonary artery is posterosuperior 
to the donor bronchus and the recipient artery is anterior 
and slightly inferior to the recipient bronchus. The donor 
and recipient superior veins are well aligned. The bron- 
chial anastomosis done with continuous 4-0 polypro- 
pylene suture (Fig. 6). Any size mismatch is overcome by 
using an end-to-end anastomotic technique avoiding tele- 
scoping as far as is possible. The bronchi are sutured as 
they were aligned: cartilaginous portion of donor to 
membranous portion of recipient and vice versa (Figs. 6 
and 7). Bronchial wrapping is not done. 
Next, anastomosis of the donor pulmonary vein to the 
recipient superior pulmonary vein (continuous 5-0 
polypropylene suture) is done. The proximal pulmonary 
artery of the donor is posterior to the bronchus but leads 
forward to the fissural section, which is anterior and in 
good alignment with the artery of the recipient. Therefore 
the proximal portion is trimmed to close to the upper 
segmental branches and oversewn, and the anastomosis is 
fashioned end-to-end with the recipient artery with 6-0 
polypropylene suture (Fig. 8). The pulmonary artery 
anastomosis made possible by previous dissection of 
sufficient length of the recipient artery to allow it to come 
forward in front of the bronchial anastomosis without 
tension or twisting. 
Fig. 4. The upper and lower lobes are aligned ready for 
implantation on the right and left sides, respectively. Note 
the fissural opening of the pulmonary artery anterosupe- 
rior to the bronchus. LLL, Left lower lobe; LUL, left 
upper lobe. 
Retrograde deairing is achieved by release of the ve- 
nous clamp and removal of air through the pulmonary 
artery before that anastomosis is secured. The right 
transplanted lobe is then ventilated gently with 50% 
inspired oxygen fraction. CPB is reduced to allow perfu- 
sion of the lobe. 
Excision of the left lung. The recipient left lung is 
resected in a standard manner, but, again, a long vascular 
pedicle is left. The endotracheal tube is placed into the 
right main bronchus, and this procedure can be directly 
assisted by the surgeon. This ensures continued ventila- 
tion of the transplanted lobe. 
Implantation of the left lower lobe in the left thorax. The 
donor left lower lobe is placed in the anatomic position 
in the thorax of the recipient. Alignment of the bronchi 
and vessels is uncomplicated (Fig. 9). Anastomoses are 
fashioned in the same order as done on the right side: 
bronchi followed by vein followed by artery. The bron- 
chial anastomosis nvolves the main recipient bronchus. 
Again, any size mismatch is overcome while suturing 
the bronchi end-to-end. The venous anastomosis differs 
slightly from the right in that the recipient cuff is 
fashioned to incorporate both the superior and inferior 
veins because they are more closely aligned than on the 
right. Both recipient and donor arteries present anteri- 
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Fig. 5. Excision of the recipient right lung showing intra- 
pericardial and extrapericardial dissection of the pulmo- 
nary artery to allow as long a pedicle as possible. (Note 
that the right upper lobe bronchus has been stapled.) 
Fig. 7. The technique of bronchial anastomosis: a contin- 
uous end-to-end stitch sutures cartilaginous portion to 
membranous portion and vice versa. 
Fig. 8. The long pulmonary artery pedicle of the recipi- 
ent (A) is aligned with the fissural aspect of the donor 
pulmonary artery (B) to form the anastomosis n front of 
the bronchial anastomosis (C). LUL, Left upper lobe. 
Fig. 6. Alignment of the donor left upper lobe (LUL) 
with the recipient right hilum. The end-to-end bronchial 
anastomosis  begun and is followed by the well-aligned 
pulmonary venous anastomosis. 
orly and there are no special difficulties forming the 
anastomosis. Deairing procedures are repeated before 
the vascular anastomoses are secured. CPB is gradually 
discontinued. 
At this stage in insertion of the left lower lobe, it may be 
apparent in some cases that the right graft in its new 
position is too long for the thorax. In such situations the 
lingula may be resected with a linear stapler. 
Thereafter, bilateral drains are placed and the thora- 
cotomy closed in layers. 
Postoperative management. In the early phase man- 
agement was aimed toward maintenance of optimum 
hemodynamics with restriction of fluid intake to avoid 
pulmonary edema and to allow early extubation. Patients 
were extubated as soon as oxygenation was adequate. 
Immunosuppression was based on a triple-drug therapy 
for isolated lung transplantation and included azathio- 
prine, 2 to 3 mg/kg, together with three doses of equine 
antithymocyte globulin and methyl prednisolone (1 gm at 
operation and 125 mg three times daily for the first 24 
hours). Steroids were then withheld for 8 days and re- 
sumed at a dosage of 1 mg/kg per day tapering to 0.2 
mg/kg per day by 6 months. Cyclosporine was given 
intravenously (1 to 2.5 mg/kg per day) for 8 days (doses 
were adjusted according to renal function and cyclospor- 
ine blood concentration). Oral cyclosporine administra- 
tion was then started to maintain  serum level of 150 to 
250 mg/ml. Episodes of acute lung rejection were treated 
with bolus intravenous methylprednisolone (15 mg/kg for 
3 days) for grade 1 or 2 rejection. ~6' 17 Antithymocyte 
globulin was added for persistent grade 1 to 2 or for grade 
3 rejection. Diagnosis of rejection was made on clinical 
5 3 4 Couetil et al. 
The Journal of Thoracic and 
Cardiovascular Surgery 
March 1997 
100 / q PULMONARY FUNCTION TEST PATIENT N" 1 
, o  
80 
70 
~" 50 - -  
• o ~ 1 ~  
30~ 
zo i  
MONTHS POST TRANSPLANTATION 
Fig. 10. Follow-up pulmonary function test results in our 
first patient during a 2-year postoperative period. FVC, 
Forced vital capacity. 
Fig. 9. The donor left lower lobe (LLL) implantation 
showing the completed bronchial and pulmonary venous 
anastomoses and the pulmonary artery anastomosis n 
progress. (Note that the recipient superior pulmonary 
vein is sutured to the donor lobar vein and the recipient 
inferior vein is sutured closed.) 
grounds in the first 2 postoperative w eks and thereafter 
on the basis of transbronchial biopsy results. 
Bronchoscopy, transbronchial biopsy, and lavage were 
done on a routine basis and when clinically indicated in 
the investigation of abnormalities on chest x-ray films, 
altered gas exchange, or unexplained fever. After dis- 
charge from the hospital patients were enrolled in a 
physiotherapy and rehabilitative program. 
Results 
Early results. There were no technical failures at 
the time of operation and all patients were success- 
fully weaned from bypass. The graft ischemic time 
was 150 minutes for the first lobe (range 90 to 172) 
and 210 minutes for the second lobe (range 145 to 
305). Additional procedures done included patent 
ductus arteriosus division and ligation, patent fora- 
men ovale closure, and a reduced liver transplanta- 
tion in a patient with cystic fibrosis. The duration of 
ventilation after operation ranged from 12 to 105 
hours (median 30). There was one early death in a 
patient with cystic fibrosis in whom widespread 
systemic aspergillosis could not be controlled and 
who died of cerebral hemorrhage on day 21 after 
the operation. Morbidity was minimal. There were 
no bleeding complications, and neither bronchial 
stenosis nor dehiscence became apparent. There 
was a persistent air leak in two patients and three 
others were noted to have partial pneumothora- 
ces. Hospital stay ranged from 21 to 70 days 
(median 42). 
Late results. Follow-up of the six survivors now 
ranges from 10 to 27 months (median 19). All 
patients are subjectively well with no major morbid- 
ity and minimal problems of rejection and infection. 
Median postoperative alues of respiratory function 
tests are FEV1, 1.83 L/rain (81% of predicted), and 
forced vital capacity, 2.53 L (71% of predicted). 
Percentages of predicted normal values for the 
recipients demonstrate an improvement with time 
after transplantation (Fig. 10). There has been only 
one case of bronchial stenosis, which was success- 
fully treated by dilation. This occurred on the left 
side. Bronchoscopy in all other patients has demon- 
strated patent lumina that are free from ulceration 
and stricture. Follow-up computed tomographic 
(CT) scans have demonstrated disappearance of 
residual pneumothoraces and perfect adaptation of 
the transplanted lobes to the shape of the recipient 
thorax (Fig. 11). Of note in the majority of CT scans 
is a mild shift of the mediastinum toward the right 
probably caused by the longitudinal orientation of 
the transplanted lobe on the right (Fig. 12). The 
rightward shift of the mediastinum has never re- 
sulted in a perfusion/ventilation imbalance in any 
patient. 
Discussion 
Pulmonary transplantation faces the immense 
problem of lack of donors and increasing numbers 
of patients who require transplantation. The scarcity 
of organs has considerably limited the number of 
operations done. This is especially so in the case of 
children and adults of small size. The use of bilateral 
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Fig. 11. Chest CT scan after bilateral lobar transplanta- 
tion from split left lung. Note the good adaptation of the 
transplanted lobe to the shape of the recipient thorax and 
the mild shift of the mediastinum tothe right. 
Fig. 12. Postoperative chest radiograph showing right- 
ward shift of the mediastinum. Arrows show the section 
line of the resected lingula. 
lung replacement for cystic fibrosis as advocated by 
the Toronto Lung Transplant Group since 1988 
places further demands on the donor pool. With the 
hope of expanding the possibilities for transplanta- 
tion, techniques of pulmonary reduction and lobar 
transplantation, from either live or cadaveric do- 
nors, have been developed. 9' 11, 12 These techniques, 
although they increase pediatric transplantation still 
lead to some wastage of organs with loss of one or 
several nontransplanted lobes. Partitioning of the 
lung is one approach that resolves the discrepancy in
size between donor and recipient and maximizes use 
of available organs. This technique has been used 
with success in liver transplantation a d allows two 
children to receive transplants from one liver. Is 
With use of the techniques described in this paper, 
it is now also possible that one large donor lung can 
be separated into two lobes and implanted bilater- 
ally in a child and the second donor lung may be 
used in a second recipient. 
We have previously described our experiments 
in a dog model in which we separated the lobes of 
the right or left lung of an adult dog and im- 
planted them bilaterally in young dogs. 14 The 
success of these experiments has now resulted in 
our performing the first seven clinical cases. Sev- 
eral technical points require elaboration. I  the 
recipient it is essential that sufficient lengths of 
vascular and bronchial pedicles are retained to 
avoid any anastomotic tension. Care must be 
taken in posJ[tioning the donor lobe in the thorax 
before the vessels are anastomosed to ensure that 
there is no undue tension when ventilation is 
restored. In one case in the experimental series 
the malposition of a lobe caused twisting of an 
arterial suture line and massive infarction of the 
lobe. 
The quality of bronchial healing both in the 
experimental animal series and in this clinical series 
was remarkably good. An end-to-end bronchial 
anastomotic technique was necessary because of 
inequality of diameters and therefore a certain 
amount of telescoping invariably occurred. When a 
lobe was transplanted on the contralateral side the 
rotation of the bronchus necessitated anastomosis of
the muscularis portion to the cartilaginous ring 
portion and vice versa (Fig. 7). This did not cause 
any delay in healing and perhaps the presence of 
cartilage circumferentially actually helps to splint 
the anastomosis open. 
After preparation of the donor left upper lobe it 
may be noted that there are two pen orifices of the 
pulmonary artery. One opening is the place where 
it has been separated from the main pulmonary 
artery at the hilum, and the other is where the 
lower lobe artery has been separated from it in the 
fissure. A most important and not obvious techni- 
cal point is that the second of these orifices, that 
is, the fissural opening, is used for anastomosis to 
the recipient pulmonary artery; the proximal 
opening of the main pulmonary artery is closed 
with a continuous uture after it is tailored back to 
the first branches. This technical consideration 
simplifies the whole procedure, avoids any twist in 
the pulmonary artery, and creates a smooth, well- 
aligned end-to-end anastomosis that is hypobron- 
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chial. An anastomosis that used the proximal 
pulmonary artery orifice would be an epibronchial 
anastomosis, which would be prone to tension and 
torsion over the bronchus. 
It is our policy to use CPB inasmuch as there are 
several advantages in the pediatric population with 
cystic fibrosis: double-lumen endotracheal intuba- 
tion is not required, bronchial toilet with antibiotic 
solutions in patients with cystic fibrosis is possible, 
spread of purulent secretions i prevented, exposure 
to the hilum is improved in the presence of deflated 
lungs, and, perhaps most important, the use of CPB 
allows an expeditious pneumonectomy and de- 
creases the implantation time for the second graft. 
However, in small adults sequential lobar implanta- 
tion can be done without CPB. 
It is our policy to perform single-lung transplan- 
tation in patients with idiopathic pulmonary fibrosis. 
Nevertheless, because our patient with idiopathic 
pulmonary fibrosis was critically ill and in clinically 
failing condition and because we could not find a 
size-matched donor, we were concerned that trans- 
plantation of only one lobe would have not provided 
enough pulmonary parenchyma to sustain a normal 
life and this patient was afforded bilateral lobar 
transplantation. 
There are several remaining incompletely re- 
solved issues pertaining to lobar transplantation. A 
potential problem is the physiologic adaptation of a 
mature lobe in the growing thorax of a child. 
Preliminary animal results suggest hat the number 
of functional alveoli does not grow but a distension 
of existing alveoli parallels the growth of the 
chest.19, 2o Thus the increase in the size of a mature 
lobe is a result of alveolar distension and compen- 
satory functional size does not increase. This may be 
a limiting factor in applying the technique clinically, 
but if the dilation of air spaces is proportional to the 
growth of microvasculature the functional capabili- 
ties of the alveolus may be preserved. A further 
problem may be that of effects on pulmonary vascu- 
lar resistance, 21 which remain unknown and may 
vary in different clinical situations. We have not 
encountered any episodes of elevated pulmonary 
artery pressure to date. 
In conclusion, after the success of our animal 
experiments we have now shown that the technique 
of lobar separation of the left lung followed by 
bilateral transplantation is feasible and easily done 
without an increase in mortality or morbidity. Care- 
fully selected patients with a large size discrepancy 
with the donor demonstrate good functional results. 
After hospital discharge patients have returned to a 
normal life-style with adequate arterial gaseous ex- 
change on exertion. There has been full adaptation 
of the lobes to the shape of the recipient thorax. 
Further long-term studies in animals and clinical 
results are awaited to assess the full potential of this 
technique in increasing the number of transplanta- 
tions in children and adults of short stature. We are 
at present developing a technique of separation of 
lobes of the right lung and their subsequent trans- 
plantation. 
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